Lam.) at diverse soil reaction and organic matter content
INTRODUCTION
Heavy metals, including cadmium and lead, belong to metal elements that are most toxic to plants and animals (Symanowicz et al., 2012) . The excess of heavy metals in fodder plants negatively influences their growth and development as well as animal health (Broos et al., 2005; Tujaka and Terelak, 2005) . There are a number of factors increasing the phytoavailability of these metals, including their very high concentration in soil and the acidic reaction of soil (Kabata-Pendias and Pendias, 1999; Sady et al., 2000; Szatanik-Kloc, 2004) . Reduction of soil reaction to slightly acidic and acidic results in the increase of the concentration of bioavailable, active forms of heavy metals in the soil, thus increasing their bioaccumulation indexes. This results from increase of solubility of the chemical bonds between these elements as well as decrease of their adsorption on soil colloids at low soil reaction. The number of phytoavailable forms of heavy metals is influenced also by the soil type, grain size composition, organic matter content, sorption properties and redox potential. Soil organic matter, represented by humus substances, introduced to soil with natural, organic and organicmineral fertilizers restricts the amount of bioavailable heavy metal forms (Zaniewicz-Bajkowska, 2000; Kwiatkowska-Malina and Maciejewska, 2009 ). Soils enriched in organic matter contain a lower amount of phytoavailable fractions of heavy metals (Wo³oszyk et al., 2005; Kwiatkowska, 2006; Sk³odowski et al., 2006; Kwiatkowska-Malina and Maciejewska, 2011; .
The paper was focused on the analysis of the content and uptake of heavy metals (Zn, Pb, Cd) in darnel multifloral (Lolium multiflorum Lam.) at variable soil reaction and organic matter content.
MATERIAL AND METHODS
The studies were conducted in soil containers in form of stoneware pots without a bottom, 0.4 m in diameter and 1.2 m long, inserted in the soil. The containers were filled with lessive soil (56 kg) developed from clayey sand on light clay. According to the WRB, the soil was classified as Haplic Luvisol (IUSS Working Group WRB, 2006) . The soil reaction (pH in 1 mol×dm 3 KCl) was about 6.0, 5.0 and 4.0, respectively. In 1999, a brown coal preparation (Rekulter) was added once and mixed with the soil, at doses of: 180, 360, and 720 g per container, respectively, which corresponded to 75, 150, and 300 g Corg per container, respectively. In dry mass, Rekulter contained 85% brown coal, 10% peat and 4% brown coal ash. At the same time, heavy metals were added to the soil in the following amounts: zinc 90 mg×kg 1 as ZnSO 4 ×7 H 2 O, lead 60 mg×kg 1 as Pb(NO 3 ) 2 and cadmium 0.8 mg×kg 1 as Cd(NO 3 )×4 H 2 O. According to the IUNG classification, the soil was characterized by an increased content of heavy metals and represented the I stage of pollution (Kabata-Pendias et al. 1993) .
Darnel multifloral (Lolium multiflorum Lam.), Kroto variety, was grown in 2005 during the experiment. The average doses of the applied nutrients were: N 2.8 g, P 0.7 g, and K 2.6 g per container. After harvest (two independent cuts), the fresh yield was weighed, whereas the dry yield was weighed after drying. In fragmented plant samples mineralized in a mixture of concentrated acids (HNO 3 +HClO 4 ) at 4:1, the total content of zinc, lead and cadmium was determined using the ICP-AES method.
Soil samples were collected after harvest from the sub-surface horizon (020 cm). In soil samples mineralized in a mixture of concentrated acids (HCl + HNO 3 at 3:1 + 30% H 2 O 2 ), the contents of the sum of all forms of zinc, lead and cadmium were determined. The bioavailable forms of zinc, lead and cadmium in soil were established by selective extraction using 0.05 M solution of EDTA (Ure, 1996) . The bioaccumulation index (BI) of the heavy metals was determined as the ratio of their content in plant dry mass and the total content in soil. The influence of the addition of organic matter at variable reaction on the uptake of heavy metals by darnel multifloral was tested by variance analysis using Statgraphics 4.1.
RESULTS AND DISCUSSION
Addition of organic matter to soil in form of a brown coal preparation (Rekulter) favoured the yield of darnel multifloral (Table 1 ). The highest increase of the yield sum (I and II cut) for the fresh mass (272.1 g) in comparison to the control batch was obtained after application of the highest dose of Rekulter (720 g) to slightly acidic soil. Increase of yield with the dose of organic matter (Rekulter) introduced to the soil resulted from the fact that it was a source of macro-(N, P, K, Mg and Ca) and microelements to the plants. This observation conforms with earlier studies (Wong et al. 1999; Maciejewska and Kwiatkowska, 2005; Tujaka and Terelak, 2005) . Due to porosity, brown coal has a large sorption capacity in regard to water and nutrients, acting as a buffer for the soil reaction and concentrations of nutrients in the soil solution, thus resulting in better conditions of plant vegetation. The favourable influence of organic matter addition to soil on plant yielding was also confirmed by other authors (Marcote et al., 2001; Sienkiewicz et al., 2005; Wo³oszyk et al., 2005) .
Introduction of organic matter in form of Rekulter to soil caused reduction of the content of cadmium, lead and zinc in darnel multifloral ( Table 2 ). The bioavailability of heavy metals decreased, which caused lower uptake by plants, resulting in lower pollution of the first level in the food chain. The heavy metal content in plants largely depends on its species or even variety (Tyksiñski & Kurdubska, 2004; Tujaka & Terelak, 2005) . Diverse sensitivity of plants to cadmium and zinc allows a selection of plants capable of growth at amounts that are toxic to other plants (Baran & Jasiewicz, 2009 ). Restricted uptake of heavy metals is strongly influenced by increase of organic matter in the soil. This is linked with immobilization of the elements by macromolecular organic colloids and general improvement of physical and chemical soil properties, which is also reflected in the plant yielding (Table 1) .
Cadmium is a metal that is most toxic to plants and animals (Kabata-Pendias, 2000; Kabata-Pendias and Pendias, 2001 ). The average content of cadmium in the dry mass of darnel multifloral (I and II cut) varied within 0.30.99 mg·kg 1 dry mass (Table 2) and showed significant variability under the influence of the studied factors (reaction and organic matter) and their interactions. The lowest cadmium content was determined in biomass of the studied plant collected in the I cut in the variant with the largest dose of Rekulter and at pH 6.0. The highest cadmium content was determined in the test plant collected from the control batch, in which the lowest yield of darnel multifloral was obtained (Table 1) . Most probably, the element was concentrated in the obtained yield. Regardless the soil reaction, subsequent increase of Rekulter doses caused reduction of the cadmium content in the biomass of darnel multifloral, which may be the result of yield increase after application of Rekulter (Kabata-Pendias and Pendias, 2001; Symanowicz et al., 2012). In the variant with the largest dose of Rekulter on slightly acidic soil, the cadmium content in darnel multifloral (I cut) was reduced by 62% in comparison to the control batch. The obtained results have confirmed earlier studies (Kwiatkowska-Malina and Maciejewska, 2009; 2011) , in which the influence of organic matter on Cd uptake by radish, phacelia, sinapis and napa cabbage was studied. In the studies with grass, cadmium content was within 0.270.32 mg·kg 1 dry mass (Symanowicz, 2005) , which confirms the suggestion of lower cadmium uptake by non-papilionaceous plants ( KabataPendias, 2000; Baran and Jasiewicz, 2009 ). The best fodder value in regard to cadmium content was observed in plants (I and II cut) only from the variant with the largest dose of Rekulter on slightly acidic soil (Kabata-Pendias et al., 1993; Kabata-Pendias and Pendias, 2001 ).
The lead content determined in the test plant was within 4.4210.90 mg·kg 1 dry mass (Table 2 ) and significantly varied in diverse conditions and interactions of the environmental factors. The highest lead content was determined in the biomass of the test plant collected during the II cut (10.90 mg·kg 1 dry mass) in the variant without Rekulter on very acidic soil. In the variant with the largest dose of Rekulter on slightly acidic soil, the lead content in darnel multifloral was by 15% lower in comparison to the control batch. Significantly higher lead contents were determined in darnel multifloral fertilized with sludge and brown coal wastes (Symanowicz, 2005) and in sinapis and napa cabbage (Kwiatkowska-Malina and Maciejewska, 2011) . With regard to the critical values for lead accepted at the level below 10.0 mg×kg 1 dry mass, it was noted that only plants grown without Rekulter on very acidic soil cannot be applied as fodder (Kabata-Pendias et al., 1993; Kabata-Pendias and Pendias, 2001) . It is generally accepted that fertilization plays a significant role in yield planning and plant chemical composition (Nardi et al., 2004; Wo³oszyk et al., 2005) , which was confirmed by the obtained results.
Zinc content in darnel multifloral was within 77.0 108.2 mg·kg 1 dry mass (Table 2 ), thus at amounts typical of grass plants (1272 mg Zn·kg 1 ) or close to this range (Kabata-Pendias and Pendias, 1999) . The zinc content was the highest in the variant without Rekulter on very acidic soil and the lowest in the variant with the largest dose of Rekulter on slightly acidic soil. Reduction of Zn bioavailability for plants on organic soils have been also determined by other authors (Domañska and Filipek, 2011) . Brown coal, which is the main component of Rekulter, and the products of its humification in soil are capable of forming complex compounds with heavy metals of variable durability. The highest durability is observed in complexes with copper and lead, as well as nickel, cadmium and zinc. The obtained results confirm the studies of other authors (Cieaeko et al., 2001; Martyniuk and Wiêckowska, 2003) , in which addition of brown coal caused reduction of the heavy metals content in plants. Moreover, the results indicate the widely recognized positive influence of acidic soil reaction on the bioavailability of zinc. Darnel grown on very acidic soil contained more zinc than on slightly acidic soil.
Introduction of Rekulter to the soil did not significantly influence the total content of all forms of cadmium, lead and zinc in soil; in turn, the content of bioavailable forms (0.05 M EDTA) of these metals was reduced (Table 3) . In regard to the content of zinc, lead and cadmium, plants cultivated in soil with increased contents of heavy metals with addition of Rekulter have fodder properties in most variants.
Contents of the bioavailable forms of cadmium, lead and zinc from the control batch were: 0.530.59, 37.842.1 and 71.778.5 mg×kg 1 dry mass, respectively, and in relation to the total content of all forms reached: 6672, 9296 and 8689%, respectively. In variants, in which the highest dose of Rekulter was added, the content of bioavailable forms of cadmium, lead and zinc in soil were: 0.380.51, 24.633.1 and 47.153.2 mg×kg 1 dry mass, respectively, and in relation to the total content of all forms reached: 5163; 6684 and 5360%, respectively. (Table 4) . For cadmium, the BI was within 0.401.16. The lowest value of this index (0.40) was calculated for the object with the largest dose of Rekulter on slightly acidic soil. The calculated BI indexes for lead were at the level of 0.120.27 for particular objects. The lowest BI value for lead (0.12) was noted after application of the largest dose of Rekulter on slightly acidic soil. The BI values for zinc after application of the largest dose of Rekulter were the lowest and varied within 0.880.97. Similar values of bioaccumulation indexes for cadmium and zinc were obtained in studies on dicotyledonous plants and grasses (Kwiatkowska-Malina and Maciejewska, 2011; Symanowicz et al., 2012 Table 1 .
